We discuss the concept of proper and improper density matrixes and we argue that this issue is of fundamental importance for the understanding of the quantum-mechanical CTC model proposed by Deutsch. We arrive at the conclusion that under a realistic interpretation, the distinction between proper and improper density operators is not a relativistically covariant notion and this fact leads to the conclusion that the D-CTC model is physically inconsistent.
Yet, in 1991, Deutsch presented a computational analysis of the problem -both classical and quantum mechanical [7] . He addressed the inherent free-will kind of problems that stems from grandfather-like paradoxes in a more technical and less anthropo- 
The two equations above clearly imply a non-linear evolution for Alice's system because (2) means thatρ (f ) depends both on 
After this, they go apart and each one has access only to his own qubit. Both parts will describe their own system by the density ma-
This means that (3) can be written as
Where the state |n (θ, ϕ) defined as
is projected to an arbitrary point with (θ, ϕ) By the other way around, the ability of discrimination of non-orthogonal states leads necessarily to signaling as can be easily seen.
Most papers on no-signaling and quantum mechanics discuss this issue in terms of the no-cloning theorem ( [12] [13] [14] ) because both these abilities are actually equivalent [15] .
Curiously, we were incapable of finding in the fact that every quantum system that belongs to it is in a pure state |ψ α . Now suppose further that an observer may "pick" one system from the ensemble in a random way.
Notice that this randomness is purely "classical" in some sense. The probability that the observer picks up a system from a subensemble α is clearly P α = n α /N where n α is the number of systems in sub-ensemble α. Of course it clearly holds that the probability P α is automatically normalized as it indeed must be. Given an arbitrary observableÔ, its expectation value for |ψ α is ψ α |Ô |ψ α and if the observer repeats the procedure many times, the average expectation value is clearly
is defined as the density matrix. This definition is easily seen as an epistemic definition where one considers P α a classical probability distribution that is subjective in the sense that it reveals the "classical ignorance" of the observer about which pure state |ψ α the system actually belongs to. This epistemic definition is known also as a proper density matrix [20] .
A second conception of density matrix has a purely quantum mechanical origin. Given an entangled state |Ψ ∈ W = W (a) ⊗ W An important point that must be made is that of taking seriously the fact that the measurements are space-like separated events. It should also be noted that there is an alternative model to Deutsch's CTC. The so called post-selection CTC (see [28] , [29] , [30] , [31] and [32] ) is a recent example of a model that allows non-orthogonal discrimination only for a set of linearly independent states. Notice that this clearly forbids the implementation of our signaling protocol between Alice and Bob because the set C of alphabet states is linearly dependent. This seems to imply that the P-CTC model may indeed be more appropriate physically than the D-CTC model. It is our intention to publish in the near future a paper specifically on the P-CTC model in quantum mechanics.
That the ability to post-select may present counter-intuitive non-local time properties for quantum mechanics has been noticed before [33] , [34] . It would not be surprising if Aharonov's concepts of modular variables
and weak values turn out to play an essential role on this issue [35] , [36] . It is our opinion that the importance of research on this topic is that of presenting toy models so that one may probe theoretically a very elusive longsought consistent quantum theory of gravity. Our work also suggests that the construction of such a future theory may require that some important foundational issues (as the intrinsic difference between proper and improper density matrices) be addressed and adequately resolved first.
